The paper presents the results of the carrier acidity impact studying on the Pt-Re/Al 2 O 3 catalytic properties in gasoline reforming. The Pt-Re/Al 2 O 3 catalyst preparation based on the superacidity carrier in consequence of the presence of promotor -the bayerite phase of aluminum hydroxide resulted in the н-С 7 predominat cracking to С 3 -С 6 light paraffins. The obtained catalyst allows to produce the reduced aromatics content reformed gasoline (55%wt).
Introduction
A reduction in the aromatics content including benzol is considered to be an important task in the process of upto-date engine fuels manufacturing [1] . Considering that a large amount of benzol contained in gasoline is accounted for reformat, the reduction in the aromatics especially in reformate without octane number loss becomes the highpriority task. The catalytic properties of the Pt/γ-Al 2 O 3 system are determined by interacting force of the active component precursor with the carrier; the interaction depends not only on the precursor chemical composition but on the surface adsorption centers nature [2] [3] [4] [5] [6] [7] [8] . The γ-Al 2 O 3 adsorption centers are represented by hydroxyl groups and Lewis acid sites (LAS). The relative oncentration of functional groups on the alumina surface and their force are identified to a great extent by the carrier phase homogeneity.
The objective of this research is to study the carrier surface acidity impact on the catalytic properties of the Pt-Re/γ-Al 2 O 3 reforming catalysts active phase.
Experimental

Carriers
The industrial aluminum hydroxide was obtained at the interaction of the NaAlO 2 and HNO 3 solutions by the continuous sedimentation method at the temperature of 33-35°С and pH 8. 2-8.4 at ZAO "The Industrial Catalysts" of Rjazan (AlOOH-1) and at OAO "Angarsk Catalyst and Organic Synthesis Plant" (AlOOH-2). AlOOH-1 was used in the form of mass with humidity of 75%wt, AlOOH-2 hydroxide was additionally dried in the spray drying oven to obtain the powder having a humidity of 22%wt. The impurities content of aluminum hydroxide corresponds to Na 2 O -0,012 % wt and Fe 2 O 3 -0.004 %wt. The 0.3 % wt. Zr from ZrO(NO 3 ) 2 2H 2 O was added into aluminum hydroxide at the peptizing stage by the acetic and oxalic acids (acid module and mole of acid/mole Al 2 O 3 accordingly). The formed carrier was dried in the drying oven at the temperature of 120°С and was calcinated in the muffle furnace under dehumidified air supply at the temperature of 630°С.
Catalysts
The catalysts were prepared by H 2 PtCl 6 and HReO 4 carrier impregnation by the procedure presented in the paper [9] . The amount and concentration of solutions were chosen on order to provide 0.25%wt Pt and 0.3 %wt Re content in the prepared catalyst. The catalysts were dried at the temperature of 120°С and calcinated for 5 hours in a glass reactor at atmospheric pressure in a flow of dry air upon temperature elevation to 500 С and held at this temperature for 1 hour.
Methods
Thermogravimetric analysis (TGA)
The thermal decomposition process was studied by TGA method. The experiments were carried out on the STA-449C (Netzsch) thermal analyzer with a 10 %vol. O 2 /Ar gas mixture up to the temperature of 1000°С. The heating rate corresponded to 10°С/min.
X-ray diffraction (XRD)
The XRD was carried out on the D8 Advance X-ray diffractometer in the monochromated Cu-k α radiation. The obtained diffractograms interpretation was conducted by means of the ICDD database PDF-2 version of 2006. The diffraction spectra processing was performed using the EVA (Bruker) and Origin 6.0. Semi quantitative analysis was carried out with the help of the EVA. The given analysis is conducted using the relative intensities data and also using the alumina numbers values of the powder diffraction database cards. The a,b,c lattice parameters were estimated for pseudoboehmite by Rietveld method using the Pseudo-Voigt approximating function. The crystallite size was identified according to the Selyakov-Scherrer formula.
S BET
Isotherms of nitrogen adsorption-desorption were obtained at 77.4 К on the Sorptomatic-1900 apparatus by CarloErba. The specific surface calculations were carried out in the range of nitrogen vapors equilibrium relative values at P/P 0 = 0.05-0.33 by the adsorption isotherm using the BET method (S BET ). The cumulative adsorption pore volume (ΣV) was defined by nitrogen adsorption value at P/P 0 = 0.996, the adsorbed nitrogen density was taken to be equal to the normal fluid density (the molar volume of the liquid N 2 reaches 34.68 sm 3 /mole).
The temperature-programmed desorption (TPD) of NH 3
The TPD of NH 3 was carried out on the AutoChemII 2920 (Micromeritics) chemisorption analyzer having the thermal conductivity detector. Before the TPD experiment the samples were previously trained in the flow 10%vol. О 2 -Не up to 600°С, were conditioned at this temperature for an hour, were blown by helium for 30 min and then the samples were cooled in the helium flow to the temperature of 100°С. Ammonia adsorption was carried out at the same temperature for 60 min with a 10 %vol. NH 3 /He gas mixture. Loosely coupled ammonia was removed by helium blowing at the temperature of 100°С for 60 min. The TPD of NH 3 was carried out in the temperature range from 100 to 600°С at the heating acceleration of 10°С/min of the measurement cell with a samples. In order to provide the spectrum entering the base line, the sample was conditioned at the temperature of 600°С from 30 to 60 min.
The temperature-programmed reduction (TPR)
The hydrogen absorption-release processes studies were conducted on the AutoChem II 2920 (Micromeritics) precision analyzer having the thermal conductivity detector (TCD).
Before the experiments the Pt-Re/Al 2 O 3 samples were desiccated in the air flow at the temperature of 200°С for 2 hours followed by the cooling in the air flow to the room temperature.
The TPR experiments were performed with a 10 %vol. H 2 /Ar gas mixture (the flow rate is 25 ml/min). The temperature range was 35-500°C with a ramp of 10°C/min. The sample conditioning time at the maximum temperature corresponded to 1 hour.
The O 2 -H 2 titration and O 2 chemisorption method
The reduced catalysts dispersity was determined by the absorption method based on the oxygen-hydrogen titration results. The application of the original absorption method [10] allowed to carry out platinum atoms quantitative determination in different oxidation states. The method is based on ionic platinum ability to form the strong σ-donor bonds with water, while metal platinum atoms (Pt о ) do not interact with it. Therefore Pt σ stands for the ionic platinum. The number of atoms at the Pt and metal (Pt o ) states was defined on the basis of the oxygen adsorption measurements data of two experiments. In the first experiment the total number of Pt S atoms was determined by the certain procedures. In the second experiment the number of Pt o atoms that do not interact with water was determined, and the presence of pre-adsorbed water does not prevent oxygen chemisorption.
The catalytic measurements
The catalysts were tested in n-heptane aromatization model reaction by the method [11] and in gasoline reforming on the pilot unit. The catalysts pilot testing was carried out by hydrogenated fraction 100-180°С at ZAO "Rjazanskaja NPK". The tests were carried out on the ОL-105 (VNR) pilot unit with fixed-bed catalyst in the isothermal reactor at the 40 g of catalyst loading. The tests were carried out in the reforming typical conditions at the pressure of 1.5 MPa, feeding volumetric rate of 1.5 hr -1 , hydrogen containing gas circulation (HCG) of 1500 m 3 hr -1 HCG/ (m 3 hr -1 feed), determined by the catalyst load value at the temperatures of 440-480°С with the evaluation of the total mass balance of the process and of the obtained products composition. The compositions of the resulting hydrocarbon product mixtures were analyzed on line with the use of a gas chromatograph (Shimadzu GS-17A) equipped with a capillary column and a flame-ionization detector.
The catalysts operation activity and selectivity were calculated on the basis of the tests data. The activity criterion is the temperature of the necessary strong process achieving (aromatics content in reformate or reformate octane number (for gasoline)). The selectivity criterion is the stable reformate yield value (%wt for feed) at the aromatics given content in the stable catalyzate.
Results and discussion
The decompounding of AlOOH-1 is performed in 2 stages (at 90, 437°С) and followed by endothermic effects at the given temperatures corresponding to TGA. At 90°С physically adsorbed water is removed. At 437°С finecrystalline pseudoboehmite is decomposed. The AlOOH-2 specimen (Fig.1 ) DTA curve shows endothermic effect at 277°С referring to the aluminum trihydrate decomposition [12] is additionally present. According to the XRD data the Al 2 O 3 -2 sample is pseudoboehmite (95.7%) and bayerite (4.3%) mixture (Table  1 ). As shown in Table 1 , samples of the alumina supports are present in the γ-form with virtually identical sizes of their coherent scattering domain (CSD). Bayerite is known to transfer into -Al 2 O 3 phase at the thermal treatment [12, 13] . According to Kul'ko and co-authors' data [13] , the LAS total concentration referred to the specific surface value increases in the γ-< χ-< -< θ-Al 2 O 3 type. In contrast to the alternative modifications, -Al 2 O 3 contains strong acid sites (полоса поглощения at 2238 sm -1 ), however their concentration is not high [13] . Probably aluminium oxide constituting the γ-+ -Al 2 O 3 phases mixture is characterized by the total acidity increased value in comparison with γ-Al 2 O 3 phase-homogeneous.
The phase composition is known to influence on the carriers and catalysts porous structure. The experimental data in Table 2 show that carriers calcined at 630°С have developed porous structure. Thus the Al 2 O 3 -2 carrier sample obtained from bayerite doped pseudoboehmite is characterized by the higher values of S BET , V and less D that corresponds to the research data [12, 13] . The surface total acidity was estimated by means of the TPD NH 3 method. TPD data show that the ammonia desorption maximum is practically observed at one temperature value (at about 200°С) (Fig.2) , while the amount of desorbed ammonia from the researched carrier (Al 2 O 3 -2) is 18% more than from the comparison carrier (Table 3 ). This indicates that there are more acid sites on the carrier surface containing bayerite impurity than in the comparison sample. The temperature and programmed reduction (TPR) is used as a method characterizing the interacting force of the metal surface complex with the carrier. Two hydrogen absorption regions at 230-250°С and 430°С are observed on the TPR spectra ( Fig.3) for both catalyst sample. The first region refers to the platinum oxide forms reduction, while the second one refers to the catalyzed by platinum rhenium oxides reduction. Rhenium oxides segregated from platinum are typically reduced at the temperature of 550°С [14] . The temperature maximum of the Pt-Re/Al 2 O 3 -2 sample reduction is displaced to lower temperature area (~ for 20 o C), that is active components reduction is carried out more easy in comparison with Pt-Re/Al 2 O 3 -1. The hydrogen quantity used for the platinum and rhenium surface atoms reduction was calculated on the basis of the TPR experimental data. These quantities corresponds to 4.7 and 4.4H/(Re+Pt) (atoms/atoms) for the samples 1 and 2 correspondingly that is typical for the catalysts of such composition. The dispersion of platinum particles after reduction in the hydrogen flow at 500 o C was determined by O 2 -H 2 titration method. The dispersion obtained values are coherent with the TPR data: Pt-centers weakly interact with the carrier surface, reduce at lower temperatures and are characterized by lower dispersion that is 80% versus 100% for the comparison sample (Table 4 ). It should be noted that larger quantity of Pt-centers in the electron deficient (ionic) state state (Pt σ -centers) is present in the Pt-Re/Al 2 O 3 -2 catalyst (Table 4 ). The testing of catalysts in gasoline reforming showed that for the Pt-Re/Al2O3-2 sample, С5+ yield reached 89-92 %wt that is 2-3%wt higher than the traditional catalyst. Moreover the aromatics content in the stable reformat for the Pt-Re/Al2O3-2 sample is considerably lower at the identical strong process. The comparative compositions of the stable catalyzate and HCG obtained on the Pt-Re/Al2O3 catalysts in the reforming process strong conditions with RON 96 are presented in Tables 5,6 .
The composition of the stable catalyzate under the Pt-Re/Al2O3-2 catalyst using is characterized by the high concentration of the light paraffins of С4-С5 composition (twice as high as for Pt-Re/Al2O3-1) and by the reduced aromatics content correspondingly (5 %wt. lower than for Pt-Re/Al2O3-1) ( Table 4 ).
Higher reformate octane number (MON 84.5) on the Pt-Re/Al2O3-2 catalyst in comparison with the Pt-Re/Al2O3-1 one (MON 83.0) is achieved by means of low-octane heavy paraffins reduction and light paraffins yield increase of С4-С5 composition. Table 6 shows that at the identical hydrogen concentration in HCG at the level of 85%wt, С3-С4 gas ratio on the Pt-Re/Al2O3-2 catalyst is considerably higher than on the Pt-Re/Al2O3-1catalyst. The observed differences in catalytic properties can be caused by the carrier surface high acidity influencing the supported platinum state as well.
Thus γ-Al 2 O 3 surface acidity increasing by means of carrier structure modifying by bayerite phase results in the forming of fixed platinum complexes interacting with the surface more weakly. As a consequence the aluminoplatinum-rhenium system catalytic properties changing observed in reforming occurs: hydrocracking processes intensify, while aromatics yield decreases.
Hence, Pt-Re/Al 2 O 3 -2 catalyst was prepared on the bases of the high acidity carrier owing to the promotor presence -bayerite phase of aluminium hydroxide which resulted in predominant С 7+ paraffins cracking to С 3 -С 6 light paraffins having higher octane numbers: 80-100 versus 0-20(RON) correspondingly. The given reactions are carried out at the temperatures of 450-460 o C and along with the naphthenes dehydrogenating reactions provide the stron process having RON 96, in addition catalyzate contains low amount of aromatics that allows to produce class 5 finished motor gasoline with reformate ratio up to 70%wt. Besides С 4 -С 5 light paraffins high concentration in reformate provides saturated vapour high pressure, it is of particular importance at low temperatures gasoline using.
Conclusion
The Pt-Re/Al 2 O 3 catalyst research prepared on the basis of high acidity carrier, by means of bayerite phase presence in aluminium hydroxide revealed its significant difference from traditional platinum-rhenium catalysts in gasoline reforming: С 5+ yield amounted to 89-92%wt , which is 2-3%wt higher; aromatics content in reaction products is 5%wt lower; С 4 -С 5 light paraffins content in reformate is 2 times higer, which provides vapours high pressure in the range of 80-100 kPa. Thus under the gasoline fractions traditional reforming at the certain conditions and catalysts, the high octane motor gasoline component with limit aromatics content at the level of 55 instead of 63%wt can be obtained. The given results allow to count on new catalysts wide application at oil refineries in Russian Federation and neighbouring countries.
